Imagery in a short-term memory task
Instructions for two short-term memory spatial tasks involving paired-associate (PA) learning were presented under conditions wh ich either suppressed or permitted the use of imagery mediation. Differential performance of the tasks for the two presentation conditions was found to be related to the imagery concreteness of the response members of the PAs when high-imagery stimulus members were used as nonverbal cues in recall. The prediction that imagery would be used spontaneously and effectively when conditions favored its use was confirmed. The results also indicate that the mode of presentation of an instruction sentence (written vs spoken) may be an important variable in subsequent performance of a short-terrn memory task.
Th is experiment examines the hypothesis that imagery will bo used spontaneously in a short-term memory task if conditions are maximized to favor its use.
Imagery, used as a mnemonic or defined in terms of stimulus attributes, has been shown to be the most effective mediator in a paired-associate (P A) learning task (Bower, 1969 ; Paivio, 1969 Paivio, ,1971 . "Imageryconcre teness" or image-evoking capacity has been isolated by Paivio as the most potent stimulus attribute for facilitating PA learning. Imagery (I) and concreteness (C) are highly correlated and defined in terms of rating scale measures (Paivio, Yuille, & Madigan, 1968) . For noun pairs varying in imagery concreteness, PA learning correlated highly with the 1 value of the stimulus member of the pair, and to a lesser extent with the I value of the response member (Paivio, 1968) . Paivio interprets this finding as evidence that high-1 stimulus nouns evoke i m ages that function as mediators in much the same way as they do in mnemonic techniques. Such techniques have repeatedly been shown to improve PA learning of concrete noun pairs compared with other learning strategies (Bower & Winzenz, 1970) . However, in the case of abstract nouns (low I), Paivio & Foth (1970) have shown that verbal mnemonics are more effective than imagery. Moreover, Ss disregard instructional sets and readily abandon mediation strategies inappropriate for the particular type of nouns (Paivio & Yuille, 1969) .
Bower (1969) presents evidence that adult Ss have to be instructed to use interactive imagery rather than imagery per se to obtain significant improvement over verbal mnemonics in PA learning. Although Ss are known to adopt coding devices of varying complexity in PA learning, it appears that interactive imagery is not spontaneously used as a mnemonic. This may apply only to long-term memory tasks such as those used in 76 the experimen ts aiready cited. However, Ss rarely have occasion to learn long lists of word pairs outside the experimental situation and hence their learning strategies for such tasks may not reflect those used in short-term memory tasks.
The novel feature of the present experiment is that only four paired associates are used and presented on one occasion only for immediate free recall. A "realistic" task situation is achieved by presenting the four PAs in the form of a verbal instruction in which Ss are told to perform a nonverbal spatial task, viz, to draw or write the referent of the first noun under the referent of the second noun of the pair. The task involves cued recall in the backward (R-S) direction. It is predicted that (1.) Sc; will spontaneously use imagery mediation in such a task if high-I nouns are presented nonverbally as stimulus cues in recall, and (2) the initiation and effectiveness of imagery will be a function of the imagery concreteness of the response term, i.e., the first presented noun of the pair. To obtain direct evidence for the use of imagery, the technique developed by Brooks (1967) for suppressing visualization of verbal messages by varying the mode of presentation (written or spoken) was adopted. This method of selective interference has already been used by Atwood (1971) to demonstrate that mnemonic imagery actually involves visual processes, METHOD A short-term memory task was devised requiring actual spatial pairings of the referents of either concrete geometrie shape nouns (C) or abstract number nouns (A) with concrete color nouns (C). (Such pairings are frequently encountered outside the experimental situation, e.g., in road signs, electrical connections.) Two PA lists of four shape-color (CC) and four number-color (AC) noun pairs were constructed, in which the geometrie shape and number nouns were matched as closely as possible for frequency, c o n sistent with the requirement that they should also be matched for word and syllable length. The shape and number nouns were rated for concreteness (C) and imagery (I) on a 7-point scale by 32 in troductory psychology students, following the procedure and instructions used by Paivio et al (1968) . The nouns were interspersed in a buffer list of 20 other nouns of varying abstractness-concreteness, A period of 8 weeks separated the two ratings.
Eight color nouns-rred, green, brown, yellow, white, blue, purple, and black-were used as stimulus cues and presented in nonverbal form in the recall tests, Two random pairings of the CC (shape-color) and AC (number-color ) nouns were used in order to control for any possible idiosyncratic effects of specific pairs. The order of presentation of the pairs was systematically counterbalanced within each PA list. The two types of PA lists were presented in the form of instructions to carry out specific spatial tasks, e . g., Instruction Type CC: Put square under brown, oval under blue, cross under green, circle under red; Instruction Type AC: Put 3 under brown, 7 under bIue, 12 under green, 11 under red. Two modes of presentation of the instructions were used to facilitate or suppress visualization, following the procedure used by Brooks (1967) : listening (L)-S listened to the instruction for the length of time it took for E to speak i t (approximately 4 sec); listening and reading (LR)-8 listened to the sentence spoken by E and concurrently read a typewritten version of it. A constant presentation rate of 1 pair/sec was used, and to prevent 8 from reading the instruction more than once in Condition LR, the four noun pairs were typed on separate cards and presented serially by E. Immediately after presentation of each instruction, all of the possible eight colors were displayed in front of S in the form of a horizontal array of color squares. 8 then drew the shapes or wrote the digits under the appropriate colors, under free recall conditions and with no time limit imposed. Immediately after S finished the first task, the color chart was removed and the second instruction presented, following the same procedure.
In addition to the two test trials, each S was given a preliminary test of naming all the colors in the array (as a check for color blindness) and two practice trials of three PA pairs each, using noun pairs similar to those in the experiment. This familiarized S with the procedure and at the same time indicated that the second (color) (N = 24 in each group). In the first group, the CC pairs were presented once under Condition Land the AC pairs on ce under Condition LR. For the second group, the mode of presentation was reversed. In both groups, the order of presentation of the two instructions was altemated between Ss. Ss were 48 first-year students at University College London. RESULTS Imagery concreteness of response nouns: The mean and sn of the C ratings for the shape nouns were 4.1 and 1.3 and for the number nouns were 3.1 and 1.6, respectively. The ab stract-concreteness difference for the two types of nouns was highly significant (Wilcoxon, Z 3.75, p< .0001). The mean and sn of the I ratings for shape nouns were 4.6 and 1.4 and for the number nouns were 3.6 and 1.9, respectively. Shape nouns were rated significantly higher on I than were number nouns (Wilcoxon, Z 3.35, p < .0005). These results establish that the imagery-concreteness of the shape (C) response nouns was significantly greater than that of the number (A) response nouns.
Mean correct responses (with a maximum of four) for each type of instruction under each presentation condition are shown in Table 1 A further factor which might favor recall of the concrete-concrete relative to abstract-concrete pairs was the use of backward rather than forward recall, i.e., the use of the second (or right-hand) members of the pairs as stimulus cues for recall. According to t h e a ssocia t i ve d irecti onali ty hypothesis proposed by Paivio (1971 ) , visual imagery is specialized for parallel processing in the spatial sense and, to the extent that associations involve imagery, either member of the pair will be equally effective as a retrieval cue. Verbal symbolic processing, on the other hand, is specialized for sequential processing, which clearly implies directionality of associations between the pairs. To the extent that noun pairs are encoded verbally, the associations will be strenger from left to right and backward recall will be more difficult. Research findings on retrieval asymmetry related to word imagery concreteness, cited by Paivio (1971) , are generally consistent with the hypothesis that the more available the imagery code, the more likely it is that associative recall will be symmetrical, i.e., independent of which member of the pairs is used as stimulus cue in recall. This hypothesis is supported by the finding in the experiment that, when imagery was permitted, there was a significantly greater number of correct p a i r i n g s for the concrete-concrete pairs than for the abstract-concrete pairs.
The extent to which the variables of imagery-concreteness and mode of presentation of a verbal instruction affect the efficiency of performance of a short-term memory task, as indicated by the results of this experiment, may have more general implications. Previous research (Jones, 1966 (Jones, , 1968 (Jones, , 1970 has shown that verbal factors in instruction senten ces affect performance of nonverbal tasks, The extent to which the conclusions from the present study can be generalized to other instruction sentences remains a crucial question, These results accord with the dual coding theory proposed by Bower (1969) and Paivio (1969) , which hypothesizes that nonverbal imagery and verbal symbolic processes are the two major components in the encoding and retrieval of verbal material and that imagery is the preferred and most effective mediator for concrete material, whereas verbal mediation is better suited to abstract material. In terms of the concrete (shape-color) noun pairs used in the presen t experiment, the theory predicts that recall would be expedited by the encoding of the pairs into compound Images easily retrievable by the presentation of a nonverbal (high-I) stimulus cue. Such "chunking" of the noun pairs would clearly benefit recall in a short-term memory task. Suppression of imagery for such pairs would thus be expected to impair performance as indicated by the data.
In the case of abstract-concrete (number-color ) noun pairs, however, the first member of the pairs would tend to be encoded in a predominantly verbal form and there would be less likelihood of encoding the pairs as compound images. This corresponds to the encoding of separate rather than related items, as discussed by Bower (1970 
